Introduction
============

Cancer after solid organ transplantation is a rapidly growing public health concern.[@b1-ccid-8-339] Its overall incidence in renal transplant recipients (RTRs) has been reported to be two to ten fold, and in some cases even 100-fold, when compared to the general population.[@b2-ccid-8-339],[@b3-ccid-8-339] Non-melanoma skin cancers (NMSCs) are the most frequent malignancy after kidney transplantation,[@b4-ccid-8-339]--[@b8-ccid-8-339] especially squamous cell carcinoma (SCC) and basal cell carcinoma (BCC), which account for 95% of skin cancers in organ transplant recipients.[@b9-ccid-8-339]

When compared to the general population, patients undergoing solid organ transplantation are at increased risk for NMSC.[@b10-ccid-8-339]--[@b15-ccid-8-339] In addition, they develop an excess of NMSC at a relatively young age.[@b5-ccid-8-339],[@b7-ccid-8-339],[@b14-ccid-8-339] Some of them develop multiple lesions[@b14-ccid-8-339],[@b16-ccid-8-339] and these tumors have increased metastatic potential.[@b14-ccid-8-339] This aggressive behavior causes considerable morbidity and potential mortality.[@b7-ccid-8-339]

The majority of studies on this subject describe an inverse ratio of SCC to BCC in comparison to the general population.[@b6-ccid-8-339],[@b7-ccid-8-339],[@b11-ccid-8-339],[@b15-ccid-8-339],[@b17-ccid-8-339]--[@b19-ccid-8-339] While BCC is the most frequent NMSC in the general population, SCC is most common in organ transplant recipients.[@b6-ccid-8-339],[@b9-ccid-8-339]

Immunosuppressors after renal transplantation are responsible for lowering the defense response of skin immunologic system, leading to an increased incidence of skin cancer.[@b20-ccid-8-339]

Risk factors for NMSC in organ transplant recipients include fair Fitzpatrick skin phototype,[@b4-ccid-8-339],[@b11-ccid-8-339],[@b18-ccid-8-339],[@b21-ccid-8-339] older age at time of transplantation,[@b8-ccid-8-339],[@b17-ccid-8-339],[@b18-ccid-8-339],[@b22-ccid-8-339]--[@b25-ccid-8-339] male sex,[@b8-ccid-8-339],[@b15-ccid-8-339],[@b17-ccid-8-339]--[@b19-ccid-8-339],[@b21-ccid-8-339],[@b24-ccid-8-339],[@b26-ccid-8-339] cumulative sun exposure,[@b27-ccid-8-339] duration,[@b8-ccid-8-339],[@b9-ccid-8-339],[@b17-ccid-8-339],[@b23-ccid-8-339],[@b24-ccid-8-339],[@b26-ccid-8-339],[@b28-ccid-8-339] and level of immunosuppression.[@b9-ccid-8-339],[@b29-ccid-8-339]

Defining the extent of the problem of NMSC in the general population has been limited by incomplete registration of cases and the scarcity of reliable national incidence data.[@b1-ccid-8-339] Among kidney transplant recipients, the true rate of NMSC is also greatly underestimated because clinicians tend to stop recording subsequent skin cancers as the patients develop multiple lesions.[@b15-ccid-8-339] In our country, there is similarly a great paucity of medical literature describing the features of NMSC among RTRs.

The aims of this study are: to evaluate the occurrence of NMSC in RTRs at the Clementino Fraga Filho University Hospital (HUCFF) of the Federal University of Rio de Janeiro (UFRJ), who were admitted for transplantation between 2004 and 2005;to verify the frequency of BCC and SCC in these patients, according to the variables: sex, race, age, and tumor site; andto determine the time between transplantation and the development of the neoplasticism.

Patients and methods
====================

The patient data were gathered from the database of the Renal Transplant Coordination (Sector of Nephrology) and from the Ambulatory of Dermatology and Immunosuppression (Sector of Dermatology). The medical charts of RTRs admitted for renal transplantation between January 2004 and December 2005 were retrospectively reviewed by extracting information on patient characteristics, immunosuppressive medications, and NMSC histopathological confirmation. Approval for this study was obtained from the Ethics Committee of the HUCFF and data compilation took place between April and July 2011.

In order to obtain a sample of patients with at least 1 year of follow-up, patients who died, suffered rejection with graft failure or lost to follow-up less than 1 year after transplantation were excluded from the study.

The bibliographic research was performed using the PubMed database.

The descriptive analysis was presented in tables and data were described as frequency (n) and percentage (%) for categorical data, and mean, standard deviation (SD), median, and minimum and maximum values for numerical data.

Inferential analysis was made by the chi square test or Fisher's exact test to compare categorical data and by the Mann--Whitney test to compare numerical data between the groups with or without NMSC.[@b30-ccid-8-339]

A nonparametric method was used because the variables do not present a Gaussian distribution, as showed by the Kolmogorov--Smirnov test.[@b30-ccid-8-339] A significance level of 5% was applied and statistical analysis was carried out using SAS^®^ software (v6.11; SAS Institute Inc., Cary, NC, USA).

Results
=======

One hundred and sixty-five of the 202 patients that were admitted for renal transplantation between 2004 and 2005 achieved at least 1 year of follow-up and were included in the study.

[Table 1](#t1-ccid-8-339){ref-type="table"} provides the frequency (n) and percentage (%) of the epidemiological variables: sex, race, and age, and the follow-up time of the study. The numerical data are described as mean, SD, median, and minimum and maximum values.

Of the 165 patients, 75 were female (45.5%) and 90 (54.5%) were male; there were 68 (41.2%) white patients, 71 (43.0%) mixed, and 26 (15.8%) black subjects. The mean age of the patients was 41.4 years (±13.3, range 12--68 years) and the mean follow-up time was 72.7 months ([Table 1](#t1-ccid-8-339){ref-type="table"}).

[Table 2](#t2-ccid-8-339){ref-type="table"} provides the frequency (n) and percentage (%) of the epidemiological variables of the patients with and without NMSC and the corresponding *P*-value of the chi squared test or Fisher's exact test. The numerical variables were compared using the Mann--Whitney test.

In our study, eleven patients (6.67%) developed 19 NMSC. Among these eleven patients, there were eight men (72.7%) and three women (27.3%). Eight patients were white (72.7%), three were mixed (27.3%), and none of them were black. The mean age of the patients with NMSC was 51.8 years (±8.9, range 39--68 years). The risk factors 'white race' (72.7%) and 'age ≥40 years' (90.9%) were significantly higher in the group of patients with NMSC than in the group without NMSC (39% and 58.4%, respectively), with *P*=0.030 and *P*=0.028, respectively. There was no significant association at the 5% level between the occurrence of NMSC and the epidemiological variables 'sex' and 'age ≥50 years' ([Table 2](#t2-ccid-8-339){ref-type="table"}).

[Table 3](#t3-ccid-8-339){ref-type="table"} shows the distribution of NMSC characteristics found in our study. Among the 19 NMSC that were diagnosed in our patients, ten (53.6%) were SCC and nine (47.4%) were BCC. The ratio of SCC:BCC was 1.1:1. When we compared NMSC found in sun-exposed sites (face, scalp, hands, and arms) with those found in sun-protected sites (trunk, stomach, and legs), the incidence of NMSC in sun-exposed sites (63.2%) was significantly higher than in sun-protected ones (36.8%), with *P*=0.029. The mean time between transplantation and NMSC diagnosis was 37.7 months (±19.1, range 3--78 months).

Of the nine BCCs, six were in sun-exposed areas and three in sun-protected areas, while for the ten SCCs, six occurred in sun-exposed areas and four in sun-protected areas.

[Table 4](#t4-ccid-8-339){ref-type="table"} presents another characteristic we found in our investigation: the distribution of the immunosuppressive drugs used by patients with and without NMSC. They used combinations of the following drugs: mycophenolate mofetil (MM), sodic mycophenolate (SM), tacrolimus (FK), prednisone (Pred), sirolimus (Sir), and cyclosporine (CsA).

Discussion
==========

Accurate determination of the incidence of post-transplantation malignancies plays a vital role in planning resources to confront this problem and develop prevention strategies.[@b1-ccid-8-339] It is difficult to compare the incidence of NMSC among RTRs and the general population because of the sub notification of this type of cancer worldwide.[@b15-ccid-8-339]

Usually of good prognosis in the general population, NMSCs in organ transplant recipients are a real concern due to their higher incidence, development of multiple tumors, and aggressive behavior, causing considerable morbidity and potential mortality.[@b7-ccid-8-339]

Our study provides epidemiological aspects related to the occurrence of NMSC in RTRs from a Brazilian renal transplant reference center, with a mean follow-up time of 72.7 months.

Eleven of the 165 patients developed at least one NMSC during the study period, signifying a frequency of 6.67%. This rate is higher than the 2.5% found in the Brazilian publication by Falsarella et al.[@b31-ccid-8-339] However, incidence rates vary substantially in the medical literature. We found papers reporting no NMSC in India;[@b32-ccid-8-339] and incidences of 4.86%[@b3-ccid-8-339] and 25.3%[@b12-ccid-8-339] in Spain; 6.4%[@b33-ccid-8-339] and 10.3%[@b21-ccid-8-339] in Italy; 15.2%[@b34-ccid-8-339] in Scotland; 24.4%[@b15-ccid-8-339] in New Zealand; and even incidences as high as 51.8%, in Australia.[@b7-ccid-8-339]

Among the eleven patients that developed NMSC, 72.7% (n=8) were men and 27.3% (n=3) were women. Although there was no statistical significance at the 5% level in this comparison, the higher number of cases in men is in accordance with the literature.[@b8-ccid-8-339],[@b15-ccid-8-339],[@b17-ccid-8-339]--[@b19-ccid-8-339],[@b21-ccid-8-339],[@b26-ccid-8-339]

The Fitzpatrick skin phototype scale is used all over the world to estimate skin cancer risk.[@b35-ccid-8-339] In our study, however, it was not applied because this classification was not used in the patient's charts. These charts present race classification as 'white', 'mixed', and 'black'. The group of patients with NMSC presented the risk factor 'white race' (72.7%) significantly higher than the group without NMSC (39%), with *P*=0.030. This finding is consistent with that in the literature, which demonstrates that fair skin RTRs carry a higher risk of NMSC than darker skin ones.[@b8-ccid-8-339],[@b9-ccid-8-339],[@b18-ccid-8-339],[@b19-ccid-8-339],[@b23-ccid-8-339]

When we analyze the age of these patients, we observe that the NMSC patients presented the risk factor 'age ≥40 years' (90.9%) significantly higher than the group without NMSC (58.4%), with *P*=0.028. These data are similar to those found in the literature, in which many studies report that NMSC risk grows with age of the patient at the moment of transplantation.[@b8-ccid-8-339],[@b12-ccid-8-339],[@b15-ccid-8-339],[@b17-ccid-8-339],[@b18-ccid-8-339],[@b22-ccid-8-339]--[@b24-ccid-8-339] Some papers show higher risk in older patients in comparison to younger ones, but they set the age of 50 years as the cutoff point.[@b1-ccid-8-339],[@b19-ccid-8-339],[@b21-ccid-8-339] There was no statistical significance in our study when a cutoff point of 50 years was used.

In this study, ten SCC and nine BCC were diagnosed, meaning a SCC:BCC ratio of 1.1:1, which is the same as that found in literature for immunosuppressed patients, while immunocompetent individuals have inverted rates, at 1:4.[@b15-ccid-8-339],[@b36-ccid-8-339] Studies in transplant recipients present rates of 1.2:1,[@b15-ccid-8-339] 1.9:1,[@b6-ccid-8-339] and even higher proportions, including 2:1,[@b7-ccid-8-339] 3.2:1,[@b17-ccid-8-339] and 7:1.[@b18-ccid-8-339] The reasons for the variation in ratio were not fully elucidated, but they are probably related to differences in the follow-up time between the studies,[@b8-ccid-8-339] because in RTRs, the incidence of BCC grows linearly, while the SCC rate grows exponentially.[@b12-ccid-8-339],[@b34-ccid-8-339]--[@b36-ccid-8-339] Other possible explanations for the varying SCC:BCC ratios in different studies are regional variations of latitude and sun-exposure habits.[@b9-ccid-8-339],[@b15-ccid-8-339]

The proportion of NMSC in sun-exposed sites was significantly higher than in sun-protected areas. This is in agreement with the findings of Ramsay et al[@b23-ccid-8-339] and Ho and Murphy,[@b29-ccid-8-339] who reported that sun-exposed areas have a higher incidence of NMSC than sun-protected areas.

The mean time between renal transplantation and NMSC diagnosis was 37.7 months or approximately 3 years and 2 months. This is faster than what was found in the majority of studies: Falsarella et al,[@b31-ccid-8-339] with 3 years and 6 months; Comeau et al,[@b19-ccid-8-339] with 4 years; Ramsay et al,[@b7-ccid-8-339] with 4 years and 2 months; Kalinova et al,[@b36-ccid-8-339] with 5 years; and Mackenzie et al,[@b15-ccid-8-339] with 5 years and 2 months. Other studies published even higher numbers, including Tessari et al,[@b21-ccid-8-339] with approximately 7 years; Navarro et al,[@b3-ccid-8-339] with 7.5 years; Bordea et al,[@b17-ccid-8-339] with 8 years; and Moloney et al,[@b1-ccid-8-339] with 8 years and 2 months.

The great variability in incidence rates and in the time between transplantation and NMSC development in the literature are likely due to the same reasons: regional variations of skin phototype,[@b32-ccid-8-339] geographic characteristics of each country,[@b34-ccid-8-339] and different lengths of follow-up, since the incidence of NMSC grows with time of immunosuppression.[@b8-ccid-8-339]

Evidence is lacking in human trials in terms of the relationship between skin cancer risk and immunosuppressive agents.[@b37-ccid-8-339] Two factors impaired the evaluation of the influence of immunosuppressive drugs on NMSC risk in our study: the multiplicity of drug combinations and the lack of information on individual changes of medications post-transplantation.

RTRs have increased risk of NMSC and they usually develop multiple and more aggressive lesions. The factors associated with a higher risk of NMSC in these patients are fair skin phototype, older age at time of transplantation, male sex, cumulative sun exposure, and duration and level of immunosuppression.

Our study was not designed to compare the incidences of NMSC between RTRs and the general population, but to provide an initial analysis of the occurrence of NMSC in a Brazilian renal transplant reference center. Future studies must be performed to further elucidate the factors associated with NMSC in RTRs.

A better understanding of the factors that determine skin cancer risk could be very useful for transplant patients. The possibilities for improvement include prevention and early diagnosis of NMSC, which would help to minimize costs and the inconvenience of multiple surgeries or other modalities of treatments. As can be assumed from all of the above, a close collaboration between dermatologists and transplant teams is recommended for patient education in the prevention and early treatment of evolving skin cancer.
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###### 

Distribution of epidemiological data

  Variable                                                             Category                 Number of patients   \% of total patients
  -------------------------------------------------------------------- ------------------------ -------------------- ----------------------
  Sex                                                                  Male                     90                   54.5
                                                                       Female                   75                   45.5
  Race                                                                 White                    68                   41.2
                                                                       Mixed                    71                   43.0
                                                                       Black                    26                   15.8
  Age (years)[\*](#tfn1-ccid-8-339){ref-type="table-fn"}               41.4±13.3 (44: 12--68)                        
  Follow-up time (months)[\*](#tfn1-ccid-8-339){ref-type="table-fn"}   72.7±12.9 (75: 13--87)                        

**Note:**

Mean ± standard deviation (median: minimum--maximum value).

###### 

Epidemiological variable comparison for presence or absence of NMSC

  Variable                                                 Category      With NMSC (n=11)   With NMSC (n=154)   *P*-value[a](#tfn2-ccid-8-339){ref-type="table-fn"}          
  -------------------------------------------------------- ------------- ------------------ ------------------- ----------------------------------------------------- ------ -------
  Sex                                                      Male          8                  72.7                82                                                    53.3   0.21
                                                           Female        3                  27.3                72                                                    46.8   
  Race                                                     White         8                  72.7                60                                                    39.0   0.030
                                                           Mixed/black   3                  27.3                94                                                    61.0   
  Age bracket                                              \<40 years    1                  9.1                 64                                                    41.6   0.028
  \(1\)                                                    ≥40 years     10                 90.9                90                                                    58.4   
  Age bracket                                              \<50 years    6                  54.5                109                                                   70.8   0.21
  \(2\)                                                    ≥50 years     5                  45.5                45                                                    29.2   
  Age (years)[\*](#tfn3-ccid-8-339){ref-type="table-fn"}                 51.8±8.9                               40.7±13.3                                                    0.011
                                                                         49 (39--68)                            43 (12--67)                                                  

**Notes:**

Chi square test or Fisher's exact test;

mean ± standard deviation, median (minimum--maximum values).

**Abbreviation:** NMSC, non-melanoma skin cancer.

###### 

Distribution of the NMSC characteristics

  Variable                 Category                                                           n    \%
  ------------------------ ------------------------------------------------------------------ ---- ------
  Histologic subtype       BCC                                                                9    47.4
                           SCC                                                                10   52.6
  Site                     Abdomen                                                            1    5.3
                           Forearm                                                            3    15.8
                           Scalp                                                              2    10.5
                           Leg                                                                1    5.3
                           Face                                                               4    21.1
                           Hand                                                               1    5.3
                           Arm                                                                2    10.5
                           Trunk                                                              5    26.3
  Sun-exposed site         Yes                                                                12   63.2
                           No                                                                 7    36.8
  Time for NMSC (months)   37.7±19.1 (34: 3--78)[\*](#tfn5-ccid-8-339){ref-type="table-fn"}        

**Note:**

Mean ± standard deviation (median: minimum--maximum value).

**Abbreviations:** BCC, basal cell carcinoma; NMSC, non-melanoma skin cancer; SCC, squamous cell carcinoma.

###### 

Immunosuppression drugs distribution

  Drugs                  With NMSC (n=11)   Without NMSC (n=154)        
  ---------------------- ------------------ ---------------------- ---- ------
  CsA + Pred             0                  0                      1    0.65
  FK + Pred              0                  0                      2    1.3
  MM + Pred              1                  9.1                    10   6.5
  SM + Pred              0                  0                      1    0.65
  Sir + Pred             0                  0                      11   7.1
  Sir + MM               0                  0                      3    2.0
  MM + CsA + Pred        0                  0                      3    2.0
  MM + FK + Pred         4                  36.4                   35   22.7
  Sir + CsA + Pred       0                  0                      5    3.3
  Sir + FK + Pred        1                  9.1                    12   7.8
  Sir + MM + Pred        4                  36.4                   58   37.7
  Sir + SM + Pred        1                  9.1                    10   6.5
  Sir + MM + CsA         0                  0                      1    0.65
  Sir + MM + FK + Pred   0                  0                      2    1.3

**Abbreviations:** CsA, cyclosporine; FK, tacrolimus; MM, mycophenolate mofetil; NMSC, non-melanoma skin cancer; Pred, prednisone; Sir, sirolimus; SM, sodic mycophenolate.
